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(54) Title: SURGICAL BONE SCREW 

(57) Abstract 

An interference screw suitable for surgical 
use is provided. The interference screw is con- 
structed from bone and includes an elongated body 
having an outer threaded surface, a tapered inser- 
tion end and a central throughbore. Insertion tool 
engaging structure is formed along the walls defin- 
ing the throughbore. The insertion tool engaging 
structure extends from the proximal end of the 
elongated body over a substantial portion of the 
length of the elongated body. The insertion tool 
engaging structure functions to distribute the forces 
required to insert the interference screw through- 
out the body of the interference screw to prevent 
fracturing of the interference screw during inser- 
tion into bone. 
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SURGICAL BONE SCREW 
BACKGROUND OF THE INVENTION 

1. Technical Field 

5 The present disclosure relates generally to surgical interference screws 

and, more particularly, to surgical interference screws constructed from bone and 
adapted to compress soft tissue, e.g., ligaments, tendons, etc., against bone in a bone 
tunnel. 

2. Background of Related Art 

10 Surgical interference screws for attaching soft tissue, such as ligaments 

and tendons, to bone are well known. Typically, because of the relatively large amount 
of torque that must be applied to an interference screw during insertion, these screws 
are constructed from metal. The use of metal screws, however, sometimes necessitates 
surgical procedures for screw removal. Moreover, metal screws have a tendency to 
15 loosen and/or back out of a previously formed bore and result in bone loss. 

Interference screws have also been constructed from bioabsorbable 
polymers, e.g., poly gly colic acid polymers. The degradation time of such polymers is 
selected to coincide with the healing time of the tissue being repaired. Typically, after 
degrading, bioabsorbable polymers leave acetic acid deposits which may lead to bone 
20 degradation and inflammatory reactions in the adjacent tissue. 

Another problem associated with using interference screws formed from 
a bioabsorbable material is that the bioabsorbable material is likely to have a 
significantly lower strength and cannot be subjected to the high torque required for 
insertion. The distal region of a bioabsorbable screw is particularly susceptible to shear 
25 failure due to excess torque. 

Screws made of human or animal bone are also known. For example, 
U.S. Patent Nos. 5,968,047 and 5,868,749 issued to Thomas M. Reed disclose screws 
made from cortical and cancellous bone. Reed's bone screws include a head portion 
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configured to engage a driver. The head pqrtion, for example, may include a 
hexagonal recess, a cruciform recess or philips recess to receive a drive tool. One 
problem associated with screws made of bone is that bone has a tendency to split or 
fracture at the interface with the driver tool. This problem is aggravated when using a 
driver that exerts expansion forces on the screw, such as a driver for engaging a screw 
having a hexagonal recess or a philips head. 

Accordingly, a need exists for an improved surgical screw which can 
remain in the body after insertion, does not adversely effect adjacent tissue and has the 
requisite strength characteristics to be inserted into bone without fracturing. Moreover, 
a need exists for an insertion tool for inserting bone screws which stabilizes the screw 
at the screw/ tool interface to prevent fracture of the screw during screw insertion. 

SUMMARY 

In accordance with the present disclosure, an interference screw for 
15 surgical use is provided which is formed from bone, such as the ridge of the tibia. The 
interference screw includes an elongated body having a proximal end adapted to engage 
a screw insertion tool and a distal insertion end. The insertion end is tapered to 
facilitate entry into a bone tunnel formed in the bone. A bore extends through at least a 
portion of the elongated body. Insertion tool engaging structure is formed along at least 
20 a portion of the bore. The insertion tool engaging structure extends within the bore 
along a substantial portion of the length of the elongated body. In one embodiment of 
the presently disclosed interference screw, the proximal end of the interference screw 
includes a hexagonal head portion and the insertion tool engaging structure includes 
hexagonal walls defining the bore. The hexagonal walls extend from the proximal end 
25 of the elongated body distally to the point at which the tapered insertion end of the 

elongated body begins to taper. The outer surface of the elongated body also includes a 
helical thread which extends from the head portion to the distal end of the elongated 
body. 


5 


10 


2 


WO 00/59389 


PCT/USOQ/08860 


In another preferred embodiment of the interference screw, the elongated 
body includes a helical thread that extends from the proximal to the distal end of the 
elongated body. The insertion tool engaging structure also includes hexagonal walls 
defining the bore. The hexagonal walls extend over a substantial portion of the length 
5 of the elongated body and are configured to engage an insertion tool. In yet another 
preferred embodiment, a slot is formed in the elongated body through the hexagonal 
walls. The slot and the hexagonal walls extend from the proximal end of the elongated 
body to the point at which the insertion end of the elongated body begins to taper. 

The interference screw is suitable for surgical use and may be used to 

10 secure soft tissue against bone. Typically, during an ACL reconstruction procedure, a 
bone-patellar tendon-bone graft (BPTB) is taken from the central 1/3 of the patient's 
patellar tendon. Therefore, the reconstructed ACL is actually part of the patellar 
tendon with two blocks of bone on either end, from the patella and the tibial tuberacle. 
One of these blocks of bone is actually what gets placed inside the bone tunnel and 

15 fixed in place with an interference screw. The soft-tissue structure is intimately and 
biologically attached to the bone block, but it is actually the block of bone that gets 
compressed inside the tunnel. However, interference screws can also be used to wedge 
tendons against bone. Such a procedure would include an anterior cruciate ligament 
(ACL) reconstruction procedure. Interference screws are also used to attach bone 

20 against bone, not (just) soft tissue against bone. By constructing the screw from bone, 
several advantages are achieved. For example, bone resorbs by biological remodeling, 
not by chemical means. As such, bone is replaced by bone as it resorbs. Thus, the loss 
of strength during the resorption phase is less and more predictable than with a 
resorbable polymer. Moreover, bone bonds to bone. The fixation of the interference 

25 screw is enhanced as bone grows directly on to the surface of the interference screw. 
Fixation of the interference screw is enhanced by a biological bond, while metal and 
polymer screws must depend only on a mechanical interlock with bone. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Various preferred embodiments of the surgical interference screw are 
described herein with reference to the drawings, wherein: 

FIG. 1 is a perspective view of one embodiment of the presently 
5 disclosed surgical interference screw; 

FIG. 2 is a side view of the surgical interference screw shown in FIG. 1; 

FIG. 3 is a top view of the surgical interference screw shown in FIG. 1 ; 

FIG. 4 is a cross-sectional view of the surgical interference screw taken 
along section line 4-4 of FIG. 3; 
10 FIG. 5 is a perspective view of another embodiment of the presently 

disclosed surgical interference screw; 

FIG. 6 is a side view of the surgical interference screw shown in FIG. 5; 

FIG. 7 is a top view of the surgical interference screw shown in FIG. 5; 

FIG. 8 is a cross-sectional view of the surgical interference screw taken 
15 along section line 7-8 of FIG. 7; 

FIG. 9 is a perspective view of yet another embodiment of the presently 
disclosed surgical interference screw; 

FIG. 10 is a side view of the surgical interference screw shown in FIG. 

9; 

20 FIG. 11 is a top view of the surgical interference screw shown in FIG. 9; 

FIG. 12 is a cross-sectional view of the surgical interference screw taken 
along section line 12-12 of FIG. 11; 

FIG. 13 is a perspective view of another embodiment of the presently 
disclosed bone screw having a rectangular slot in combination with an insertion tool; 
25 FIG. 14 is a perspective view of another embodiment of the presently 

disclosed bone screw having a rectangular slot in combination with an insertion tool; 

FIG. 15 is a perspective view of another embodiment of the presently 
disclosed bone screw having a rectangular projection in combination with an insertion 
tool; 
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FIG. 16 is a perspective view of another embodiment of the presently 
disclosed bone screw having a hexagonal bore in combination with an insertion tool; 

FIG. 17 is a perspective view of another embodiment of the presently 
disclosed bone screw having a pair of spaced cylindrical bores in combination with an 
5 insertion tool; 

HG. 18 is a side partial cross-sectional view of the bone screw and 
insertion tool shown in FIG. 13 with the insertion tool engaging the bone screw; 

FIG. 19 is a side partial cross-sectional view of another embodiment of 
the presently disclosed bone screw and insertion tool with the insertion tool engaging 
10 the bone screw; and 

HG. 20 is a side partial cross-rsectional view of another embodiment of 
the bone screw and insertion tool shown in FIG. 16 with the insertion tool engaging the 
bone screw. 

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the presently disclosed bone screw and 
insertion tool will now be described in detail with reference to the drawings, in which 
like reference numerals designate identical or corresponding elements in each of the 
several views. 

20 FIGS. 1-4 illustrate one preferred embodiment of the presently disclosed 

interference screw, shown generally as 10. Briefly, interference screw 10 includes a 
body 1 1 having a hexagonal head portion 12 and a threaded body portion 14. Body 
portion 14 includes a distally tapered insertion end 16 and a substantially cylindrical 
central body portion 18. A helical thread 20 extends from central body portion 18 to 

25 the distal end of insertion end 16. 

A central bore 22 extends through hexagonal head 12 and threaded body N 
portion 14. At least a portion of central bore 22 is formed with insertion tool engaging 
structure which includes hexagonally-shaped walls 24. The walls 24 are configured to 
receive an insertion tool (not shown) for inserting the insertion screw into bone during 
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a surgical procedure. Hexagonally-shaped walls 24 function to distribute the torque 
applied to interference screw 10 throughout body 11 to prevent shearing of the screw 
during insertion. Hexagonally-shaped walls 24 of central bore 22 extend along a 
substantial portion of the length of the central bore 22, and preferably extend 
5 throughout central body portion 18 to a point at which the insertion end 16 of elongated 
body 11 begins to taper. Although illustrated as being hexagonally-shaped, it is also 
envisioned that walls 24 may define other configurations suitable for distributing the 
insertion forces throughout the body of the interference screw, e.g., square, triangular, 
etc. 

10 Interference screw 10 is constructed from bone having a cortical 

thickness sufficient to satisfy the requisite strength requirements for insertion. For 
example, interference screw 10 may be produced from the ridge of the tibia such as by 
coring the bone using a drill press and thereafter machining and tapping the body 1 1 to 
form head portion 12 and threaded body portion 14. Alternately, interference screw 10 

15 may be formed from bone particles such as disclosed in U.S. Patent Application Serial 
No. 09/256,447, entitled "Load-Bearing Osteoimplant, Method For Its Manufacture 
And Method Of Repairing Bone Using Same", which is hereby incorporated by 
reference. Interference screw 10 is preferably 8-12 mm in outer diameter and 10-35 
mm in length, although the size of the interference screw 10 would depend on the 

20 particular surgical use and accordingly may vary from that discussed above. 

FIGS. 5-8 illustrate another embodiment of the presently disclosed 
interference screw, shown generally as 100. Interference screw 100 is similar in all 
respects to screw 10 except that interference screw 100 does not include a hexagonal 
head. Interference screw 100 includes a body 111 having a central body portion 112 

25 and a distally tapered insertion end portion 114. Body 111 has a helical thread 116 that 
extends about central body portion 112 and insertion end portion 114. A central bore 
122 extends through body 111 and includes insertion tool engaging structure 124 which 
extends over a substantial portion of the length of central bore 122. Insertion tool 
engaging structure 124, although illustrated as being hexagonal may assume any shape 
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capable of distributing the insertion force of the insertion tool (not shown) throughout 
body 111. As discussed above, insertion tool engaging structure 124 preferably 
extends distally through central body portion 112 to a point at which the insertion end 
1 14 of elongated body 1 1 1 begins to taper. 
5 FIGS. 9-12 illustrate another embodiment of the presently disclosed bone 

screw, shown generally as 200. Bone screw 200 is similar to bone screw 100 in all 
respects except that insertion tool engaging structure 224 has a slotted hexagonal shape. 
Slotted hexagonal insertion tool engaging structure 224, as discussed above, distributes 
the forces required to insert the bone screw into bone throughout the bone screw to 

10 prevent screw fracture. 

Each of the interference screws disclosed above can be used to compress 
soft tissue, e.g., tendons or ligaments, against bone. For example, the above-described 
interference screws can be used during an (ACL) reconstruction procedure. Typically, 
during an ACL reconstruction procedure, a bone-patellar tendon-bone graft (BPTB) is 

15 taken from the central 1/3 of the patient's patellar tendon. Therefore, the reconstructed 
ACL is actually part of the patellar tendon with two blocks of bone on either end, from 
the patella and the tibial tuberacle. One of these blocks of bone is actually what gets 
placed inside the bone tunnel and fixed in place with an interference screw. The soft- 
tissue structure is intimately and biologically attached to the bone block, but it is 

20 actually the block of bone that gets compressed inside the tunnel. However, 

interference screws can also be used to wedge tendons against bone. Interference 
screws are also used to attach bone against bone, not (just) soft tissue against bone. 

FIGS. 13-18 illustrate alternate embodiments of the presently disclosed 
bone screw in combination with an insertion tool. In FIG. 13, bone screw 300 includes 

25 a threaded body portion 302 and a head portion 304. Head portion 304 includes a 
rectangular slot 306. Insertion tool 310 includes an elongated body 312, an engaging 
member 314 and a restraining ring 316. Elongated body 312 includes a handle (not 
shown) to be grasped by a surgeon. Engaging member 314 is configured to be received 
within slot 306 in screw head portion 304. Restraining ring 316 is configured and 
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dimensioned to fit snugly about head portion 304 of bone screw 300 during screw 
insertion. The inside diameter of restraining ring 316 should be approximately equal to 
the outside diameter of head portion 304. 

FIGS. 14-17 illustrate bone screw and insertion tool sets having a variety 
5 of configurations. In FIG. 14, screw 400 has a rectangular slot 406 formed in head 
portion 404 configured to receive engaging member 414 of insertion tool 410. Slot 406 
does not extend through sidewali 408 of head portion 404. In FIG. 15, screw 500 
includes a rectangular projection 504 configured to be received within rectangular slot 
514 of insertion tool 510. In FIG. 16, screw 600 includes a hexagonal bore 604 

10 configured to receive hexagonal projection 614 of insertion tool 610. In FIG. 17, 
screw 700 includes a pair of spaced cylindrical bores 704 configured to receive 
cylindrical projections 714 of insertion tool 710. Each of the above insertion tools 
includes a restraining ring configured and dimensioned to be received about the screw 
head portion to provide stability to the screw head portion during screw insertion. 

15 Referring to FIGS. 18-20, the dimension of the restraining ring in 

relation to the tool engaging member and the screw head portion may vary. For 
example, the depth of the recess formed by restraining ring 816 of insertion tool 810 is 
approximately equal to the height of engaging member 814 (FIG. 18). Alternately, the 
depth of the recess formed by restraining ring 916 can be greater than the height of 

20 engaging member 914 of insertion tool 910, or engaging member 1014 can have a 
height greater than the depth of the recess defined by the restraining ring 1016 (FIG. 
20). With respect to elongated engaging member 1014, the relatively large driving 
surface area serves to distribute, and thus limit, breaking forces on the bone screw 
during screw insertion. 

25 It will be understood that various modifications may be made to the 

embodiments disclosed herein. For example, the particular configuration of the 
insertion tool engaging structure defining the central bore need not be as illustrated but 
rather may assume any configuration capable of distributing the insertion forces 
throughout the body of the interference screw. Moreover, the insertion tool engaging 


8 


WO 00/59389 


PCIYUS00/08860 


structure may extend over the entire length of the central bore and need not end at the 
point that the insertion end begins to taper. Also, the shape of the insertion tool 
restraining ring may be varied to receive any shape bone screw head portion. 
Therefore, the above description should not be construed as limiting, but merely as 
5 exemplifications of preferred embodiments. Those skilled in the art will envision other 
modifications within the scope and spirit of the claims appended hereto. 
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WHAT IS CLAIMED IS : 

1 . A surgical interference screw for use in attaching bone to bone 
and soft tissue to bone, the interference screw comprising: 

an elongated body having a proximal end and a distal insertion end and 
5 being constructed from bone, the elongated body defining a longitudinally extending 
bore which extends from the proximal end of the interference screw towards the distal 
insertion end, and engaging structure formed along at least a portion of the 
longitudinally extending bore, the insertion structure being configured and dimensioned 
to engage an insertion tool for inserting the interference screw into bone. 

10 

2. A surgical interference screw according to claim 1, wherein the 
distal insertion end is tapered. 

3. A surgical interference screw according to claim 1, wherein the 
15 elongated body is threaded over at least a portion of its length. 

4. A surgical interference screw according to claim 3, wherein the 
distal insertion end is tapered. 

20 5. A surgical interference screw according to claim 4, wherein the 

proximal end of the elongated body includes a hexagonally-shaped head. 

6. A surgical interference screw according to claim 5, wherein the 
engaging structure includes hexagonal-shaped walls defining the longitudinally 

25 extending bore. 

7. A surgical interference screw according to claim 6, wherein the 
engaging structure extends along a substantial portion of the length of the elongated 
body. 

10 
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8. A surgical interference screw according to claim 2, wherein the 
engaging structure extends from the proximal end of the elongated body to a position 
adjacent the distal insertion end. 
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